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INTRODUCTION
Lumbar fusion is now an accepted treatment for degenerative
lumbar spondylolisthesis, but may cause adjacent segment disease
(ASD). (1-7) Maruenda et al. (3) reviewed a series of 73 patients
who underwent circumferential lumbar fusion and were followed
up for 15 years after surgery. When followed up at 5 and 10 years,
seven (9.6%) and 18 (24.6%) of these patients, respectively, had
required redo surgery for symptomatic ASD. By the final follow-up
at 15 years, 24 patients (37.5%) had undergone further surgical
treatment.
Etebar and Cahill (4) retrospectively reviewed 125 patients who
underwent spinal fusion and found that the ASD included spondy-
lolisthesis (39%), spinal canal stenosis due to disc herniation and/
or facet hypertrophy (33%), a stress fracture of the adjacent verte-
bral body (28%), and scoliosis (17%). The mean follow-up duration
in this group was 44.8 months. Imagama et al. (5) evaluated ASD
after L4/5 posterior lumbar interbody fusion in detail using plain
radiographs, computed tomography (CT), and magnetic resonance
imaging (MRI). The incidences of facet joint degeneration, disc
degeneration detected on MRI, and spinal stenosis were 21%, 23%,
and 27%, respectively, at L3/4 and 17%, 35%, and 4% at L5/S1.
Based on these reports, it seems likely that foraminal stenosis
could occur because of ASD and disc degeneration at the adjacent
level. Orita et al. (6) identified foraminal stenosis de novov at the
adjacent level in eight (6.4%) of 125 patients at an average of 13.3
months after fusion surgery. All eight patients were symptomatic
and two required additional fusion surgery.
Two surgical treatments for foraminal stenosis have been re-
ported : spinal fusion (6-10) and foraminoplasty. Of these, fusion
surgery seems to be the gold standard. In a series reported by Jenis
et al. (8), 63 of 65 patients with foraminal stenosis required fusion
surgery. The other method is minimally invasive percutaneous
endoscopic lumbar foraminoplasty (PELF) without fusion (11-14),
which is a modification of transforaminal percutaneous endoscopic
discectomy (15-19). It is possible to perform PELF under local an-
esthesia, which would be beneficial for high-risk patients, in par-
ticular the elderly and those with significant comorbid conditions.
The procedure is performed through an 8 mm skin incision and
damage to the paravertebral muscles is minimal ; this percutane-
ous endoscopic technique is thus the least invasive lumbar surgery
available at this time. In this case report, we describe the use of
PELF in an awake and aware patient with adjacent level foraminal
stenosis following spinal fusion surgery for spondylolisthesis.
CASE REPORT
The patient was a 50-year-old woman with rheumatoid arthritis
treated by methotrexate and prednisolone. About 2 years earlier,
she had undergone transforaminal lumbar interbody fusion for
lumbar spondylolisthesis at L4/5, which had been causing low back
pain and pain in both lower limbs (Figure 1). Her postoperative
course had been good and her pain had disappeared. However,
6 months after surgery, she felt discomfort in her left buttock and
her left lower limb pain returned in a distribution consistent with
the area innervated by the L5 nerve. This pain gradually worsened
over time.
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Neurologic findings
Sensory and deep tendon reflexes were normal. Weakness of the
left extensor hallucis longus was apparent and found to be 4/5.
The femoral nerve stretch test was bilaterally negative, but the
straight leg raise test was slightly positive on the left side. The
cause of the patient’s pain was hard to detect on MRI due to the
effect of the metal implants ; however, a CT scan showed left bony
foraminal stenosis at L5/S1 (Figure 2). The patient also had a his-
tory of discectomy for herniated nucleus pulposus (HNP) approxi-
mately 20 years earlier, and collapse of the disc space at L5/S1 was
evident (Figure 1). We confirmed that her symptoms disappeared
temporarily on left L5 selective nerve root block (Figure 3), so diag-
nosed ASD subsequent to transforaminal lumbar interbody fusion
and left bony foraminal stenosis at L5/S1. Her symptoms did not
improve after about 4 months of conservative treatment. Finally, we
performed PELF using the percutaneous endoscopic discectomy
technique.
Surgical technique
The procedure was performed under local anesthesia with the
patient in the prone position on a radiolucent table. The skin entry
point was about 6 cm from the midline. After administration of local
anesthesia around the entry point, an 18-gauge spinal needle was
inserted into the L5/S1 disc, and an intraoperative discogram was
obtained using a mixture of indigo carmine and contrast medium.
Following insertion of a spinal needle into the disc under C-arm
fluoroscopic guidance, a guide wire was inserted through the spinal
needle, after which the needle was removed. An 8 mm skin incision
was made and the tapered cannulated obturator was inserted along
with a cannula into the left L5/S1 foraminal area. The endoscope
was then inserted into the foraminal space through the cannula.
Figure 1. Lumbar myelography and plain lateral X-ray 2 years after fusion surgery. Transforaminal lumbar interbody fusion (TLIF) was done using
pedicle screws and an intervertebral body cage. Collapse of the disc space can be seen at L5/S1. Left panel : lumbar myelography before TLIF showed
lumbar spinal canal stenosis at L4/5 due to L4 spondylolisthesis. Right panel ; Two years after TLIF. There was no screw loosening and subsidence
of the cage.
Figure 2. CT scans before percutaneous endoscopic lumbar foraminoplasty. Computed tomography scans show left bony foraminal stenosis at
the level of L5/S. There is an obvious protruding bone at the ventral aspect of upper articular process of the sacrum (arrow).
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The ventral aspect of the superior articular process of the sacrum
was removed carefully using a high-speed drill (Figure 4A). Next,
the blue-stained slightly bulging nucleus pulposus was exposed
(Figure 4B) and removed using small forceps and a radiofrequency
wave system. Adequate decompression was achieved by careful
removal of the residual ventral aspect of the superior articular proc-
ess (Figure 4C). The endoscope and cannula were then removed,
which was followed by placement of a catheter, wound closure
using a single stitch, and application of a sterile dressing. The pro-
cedure took 62 minutes to perform and there was limited blood
loss. We did not encounterany surgery-related complications such
as nerve root damage, dural tearing, hematoma, or infection.
Postoperative course
The patient’s postoperative course was good, and her symptoms
disappeared immediately after the surgery. The patient was able
to stand and walk 2 hours after her operation. Postoperative CT
scans revealed that the foramen at L5/S1 had been expanded ade-
quatelywithout damaging the facet joint (Figure 5). Theweakness
of the left extensor hallucis longus resolved about 2 weeks postop-
eratively.
DISCUSSION
Percutaneous endoscopic discectomy was initially indicated for
HNP (15-19). With the advent of improved surgical equipment, in
particular the ultra- thin high-speed drill, which can be operated in
the small working space of an endoscopic system, percutaneous
endoscopic discectomy can now be used to treat a variety of con-
ditions. Dezawa et al. used the ultra- thin high-speed drill to make
a bone hole through the lamina and removed an HNP in the hidden
zone using a translaminar approach (20). Transforaminal percuta-
neous endoscopic discectomy is challenging when performed for
HNP at the L5/S1 level if there is obstruction by a high iliac crest.
Abe et al. (21) performed foraminoplasty- the enlargement of the
intervertebral foramen using an ultra- thin high-speed drill to ob-
tain safe access to the neural canal at the lumbosacral junction- for
removal of HNP. Foraminoplasty can even be used at the L4/5 level
to avoid injury to the exiting nerve during surgery (14).
We have performed transforaminal lumbar intervertebral body
fusion in a patient with foraminal stenosis at a level adjacent to spi-
nal arthrodesis at L4/5. The foraminal stenosis was observed at the
left L5/S1 level. As being reported before, degenerative change
such as facet hypertrophy can appear at the adjacent level following
spinal fusion (4, 5). Foraminal stenosis can also occur due to facet
hypertrophy (4, 5) and disc collapse (22). Orita et al. (6) reported
a series of patients with foraminal stenosis at the adjacent level
following spinal fusion in whom symptoms appeared on average
Figure 3. The selective left L5 nerve root block. The selective left L5
nerve root block was effective for the patient’s symptom.
Figure 4. The intraoperative endoscopic view (A) The protruding bone was dug using high-speed drill. (B) The blue stained nucleus pulposus
was exposed (arrow). (C) The residual ventral aspect of the superior articular process (arrow) was broken off and removed. (D) The endoscopic
procedure was done under fluoroscopically. (E) The circle in the 3D-CT shows the field of endoscopic view.
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13.3 months after surgery. In the present case report, radiculopa-
thy developed only 6 months after fusion surgery in a patient with
a history of discectomy at L5/S1 about 20 years earlier and pre-
existing disc collapse. Hence, symptoms may appear at the adja-
cent level within months of surgery.
Fusion seems to be the gold standard for surgical treatment of
foraminal stenosis (6-10). The alternative surgical treatment is
minimally invasive PELF without fusion (11-14). Yeung and Gore
performed PELF in 30 patients under local anesthesia and reported
that the mean visual analog pain score improved from 7.2 preopera-
tively to 4.0 postoperatively (11). Ahn et al. (12) reported excellent
or good clinical results in at least 80% of 35 patients with foraminal
stenosis treated by transforaminal percutaneous endoscopic dis-
cectomy. In our patient, the leg pain disappeared and the muscle
weakness resolved following a PELF procedure.
The benefits of PELF are two-fold. First, the surgery can be per-
formed in an awake and aware state under local anesthesia and
direct injury to the exiting nerve root can be avoided (23). Further,
elderly patients who would normally be considered high-risk for
general anesthesia because of comorbid heart, lung, liver, and kid-
ney conditions can be considered for PELF under local anesthesia
(24). Second, it is possible to perform PELF without fusion. In our
patient, the foraminal stenosis appeared at the level adjacent to the
fusion, where additional fusion surgery could have facilitated fur-
ther spondylotic degenerative changes. PELF without fusion may
avoid this complication.
PELF is the surgery that has been applied PED surgery. Thus
surgeons have to be careful not to cause complications, such as
exiting nerve root injury, headache, seizure, and organs injury
(18). At the local anesthesia and carefully preoperative plans, sur-
geons can prevent these complications. Compared with microscopic
decompression surgery, the advantage of PELF is less invasive sur-
gery, but PELF has possibility of above complications. Surgeons
should have adequate surgical training such as animal and cadaver
training.
PELF surgery might be able to apply to the recurrent foraminal
stenosis of the same level and same side. Generally, the major con-
cern in repeat surgery for recurrent spinal disease is approach-
related complications. Scar tissue usually makes repeat surgery
more difficult and increases the risk of dural tear and nerve root
injury. This case was performed PELF surgery to the adjacent
level, so there is no adhesion around the foramen area. The percu-
taneous endoscopic surgery using transforaminal approach is not
the procedure that needs laminectomy and removal of the yellow
ligament. We had reported that repeat PED surgery for the same
level recurrence of lumbar disc herniation (25). Using the exact
same transforaminal approach, we could easily remove the fragment
of recurrent lumbar disc herniation. Thus, surgeons may choose
repeat PELF surgery to the recurrent foraminal stenosis.
In conclusion, we have successfully treated foraminal stenosis at
the level adjacent to a previous spinal fusion in an awake and aware
patient using a minimally invasive PELF technique without fusion
under local anesthesia.
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